and B lifetimes obtained using the Aleph detector at LEP. Previous measurements of these lifetimes are reported in [2, 3] . Here, three dierent techniques, all based on the same general method, have been used, yielding the most precise measurements to date. The decay length of each B candidate was measured using the reconstructed interaction point and B decay v ertex. These vertices are reconstructed in three dimensions with good precision. Then, the distributions of the individual proper times, calculated using the measured decay length, mass, and momentum of each candidate, were tted to extract the mean lifetime of the sample. The three analyses dier in the method used to reconstruct the B decay v ertex and momentum. such a candidate, the rst analysis, which follows closely the method of [2] , considered the semileptonic decay where X was` . With this technique, the D 0 candidate was fully reconstructed and combined with the pion candidate + D and the lepton candidatè to identify the B meson candidate and determine its decay v ertex. The B meson momentum was reconstructed using the charged track momenta and an estimate of the neutrino energy from the missing energy in the event. The second analysis used several fully reconstructed hadronic decay modes. An example of such a decay B 0 ! D + B is depicted in Fig. 1 . Complete reconstruction of the B decay products allowed a direct determination of its decay v ertex and momentum. The technique employed in the third analysis did not reconstruct the D 0 meson, but relied only on the two pions B and + D to identify the B candidate and to measure its momentum. The candidate decay length was measured by using these two pions and the jet direction. 1 Charge conjugate modes are implied throughout this paper. 1 2 The Aleph detector The Aleph detector is described in detail elsewhere [4] . A high resolution vertex detector (VDET) [5] consisting of two l a y ers of silicon with double-sided readout provides precision tracking near the interaction region. It provides measurements in the r and z directions at average radii of 6.5 cm and 11.3 cm, with approximately 12 m precision. The VDET provides full azimuthal coverage and polar angle coverage in the region j cos j < 0:85 for the inner layer only and j cos j < 0:69 for both layers. Outside the VDET particles traverse the inner tracking chamber (ITC) and the time projection chamber (TPC). The ITC is a cylindrical drift chamber with eight axial wire layers at radii between 16 and 26 cm. The TPC measures up to 21 space points per track at radii between 40 and 171 cm, and also provides up to 338 measurements of the specic energy loss (dE/dx) of each c harged track. A K= separation of approximately 2 is achieved for charged tracks with momenta greater than 3 GeV/c. The quantity H (H = , K, etc.), used in the dE/dx selection criteria, is dened as the dierence between the measured and expected specic energy loss expressed in terms of standard deviations for the mass hypothesis H. Studies on simulated events have shown that the criterion K + < 1 is more eective in selecting kaons and rejecting pions than a simple one-dimensional requirement o n K or . T racking is performed in a 1.5 T magnetic eld provided by a superconducting solenoid. The combined tracking system yields a momentum resolution of (p T )=p T = 0 : 6 10 3 p T 0:005 (p T in GeV/c) and the impact parameter resolution is given by () = 25 + 95=p m ( p in GeV/c) for both the r and z projections [6] .
The electromagnetic calorimeter (ECAL) is a lead/wire-chamber sandwich operated in proportional mode. The calorimeter is read out in projective t o w ers that subtend typically 0:9 0:9 in solid angle and that are segmented in three longitudinal sections.
The hadron calorimeter (HCAL) uses the iron return yoke as the absorber. Hadronic showers are sampled by 23 planes of streamer tubes, with analog projective t o w er and digital hit pattern readout. The HCAL is used in combination with two l a y ers of muon chambers outside the magnet for muon identication.
The data samples used correspond to approximately 3 million hadronic decays of the Z boson, collected in the period 1991{1994. The charged track selection, common to all three analyses, required tracks to intersect an imaginary cylinder of radius 2 cm and halflength 4 cm centered on the nominal interaction point, have at least four TPC coordinates, have polar angles such that j cos j < 0:95 and have momenta greater than 200 MeV/c. 
Candidate selection
The D +` and D 0` event samples consist of an identied lepton (e or ) associated with a D + or D 0 candidate. The selection of muons and electrons is described in detail in ref. [7] . For this analysis, lepton candidates were required to have momenta of at least 3 GeV/c. D + and D 0 candidates were reconstructed from charged tracks that formed an angle of less than 45 with the lepton candidate. [8] .
The three D +` subsamples suer from varying amounts of background, so dierent selection criteria have been chosen for each channel. For the subsample where D 0 ! K + , the momentum of the D 0 was required to be greater than 5 GeV/c. The other two D +` subsamples suer from greater combinatorial background and therefore more stringent selection criteria were applied. For the D 0 ! K + + channel, the D 0 momentum had to be greater than 8 GeV/c. When dE/dx information was available for the K track (at least 50 wire measurements), it was required to satisfy K + < 1 (Sect. 2). At least two of the D 0 decay tracks had to have momentum greater than 1 GeV/c. If, for a given detected lepton, more than one combination satised these selection criteria, the best combination was selected, based on the value of the 2 of the B vertex t (discussed below).
For the D 0 ! K + 0 channel, 0 's were reconstructed from pairs of photons identied in ECAL. The momenta of the 0 candidates were corrected by performing a t which constrained the candidate mass to the 0 mass. Neutral pion candidates with momenta greater than 2 GeV/c were used to form D 0 candidates. The momenta of the D 0 candidates were required to be greater than 10 GeV/c, while the two c harged tracks in the decay w ere required to have at least 0.5 GeV/c of momentum. The same dE/dx criterion was applied to this channel as to the D 0 ! K + + channel above.
Furthermore the decay kinematics were required to be consistent with at least one of three possible resonant nal states, which nearly saturate the total K + 0 rate: K + , K + or K 0 0 . F or each decay h ypothesis the mass of the resonant particle and the cosine of the helicity angle, dened as the angle between the scalar particle and one of the decay products of the vector particle calculated in the rest frame of the vector particle, were calculated. The helicity angle is distributed as cos 2 H for the resonant states listed above. If the mass was within two standard deviations of the expected value (both the natural widths of the resonances and the mass resolution were taken into account) and the absolute value of the cosine of the helicity angle was greater than 0.4, the candidate was considered consistent with the resonant decay h ypothesis. In the case of more than one D 0 candidate per identied lepton, the candidate with the measured value of M D 0 M D 0 that is closest to the expected mass dierence was chosen. For this channel it was not possible to use the B vertex 2 criterion, as in the D 0 ! K + + case, because here multiple D 0 candidates arise from more than one 0 candidate with the same charged track pair. The B vertex t 2 is nearly identical for such m ultiple candidates since it depends almost entirely on the two c harged tracks. T o improve the signal to background ratio and to ensure well-measured decay lengths, additional selection criteria were placed on all the subsamples. The invariant mass of the D ()`( where D () can be D + or D 0 ) system was required to be greater than 3 GeV/c 2 . To exploit the high precision of the silicon vertex detector, the lepton track and at least two of the D 0 decay product tracks were required to have at least one VDET hit in both the r and z projections. Also, the D and B decay v ertices were reconstructed (as will be discussed in Sect. 3.2) and the 2 probability for each v ertex t was required to be greater than 1%.
The D 0 candidate mass spectra for the four subsamples are shown in Fig. 2 . The tted curves consist of a Gaussian for the signal plus a linear background. The tted D 0 mass and the tted number of signal and background events within a window o f 2 , where is the tted width, around the tted mass for the four subsamples are shown in Table 1 . An estimate of the B decay length was obtained by projecting the distance between the primary and B decay v ertices onto the direction dened by the D ()`s ystem. The uncertainty on the ight direction due to the missing neutrino induces a negligible error on the decay length. The resolution on the B decay length is typically 300 m, compared with an average B decay length of approximately 2.5 mm. Monte Carlo studies showed that the distribution of the decay length divided by its error (calcuated for each candidate) is well parametrized by the sum of two Gaussian functions. The values of the parameters that dene this resolution function, the two widths and the fractional area of the wider Gaussian, were found to be 1:10 0:07, 2:76 0:35 and 0:16 0:05, respectively, where the uncertainties are statistical.
The B momentum is reconstructed using an energy ow technique as described in [10] . The momentum resolution obtained using this technique depends on the selection criteria and varies between 10% and 15%, depending on the decay c hannel. (2) which derives from the expectation that the partial semileptonic decay widths are equal. The sample coecients were then calculated by considering the B 0 and B decay c hannels 6 that contribute to the D +` and D 0` samples. As a consequence of this procedure, the coecients f , f 0 , f 0 and f 0 0 appearing in the likelihood function (Eq. 1) depend on the lifetime ratio. The full calculation, reported in the Appendix, shows that, for equal lifetimes, 874% of the B decays in the D +` sample are attributed to B 0 , while 755% of the D 0` sample B decays come from B .
Backgrounds
Background contamination arises from the following sources: Source (1) is the dominant background and its contribution is determined from a t to the D 0 mass distributions. Its magnitude is given in Table 1 for the various subsamples. The proper time distribution for this source has been determined from the data by selecting events from the upper sideband of the D 0 peak. The same selection criteria described in Sect. 3.1 have been applied to the background samples, except that the requirement on the D + {D 0 mass dierence in the case of the D +` events has been removed to increase the statistics. A function consisting of a Gaussian plus two positive and two negative exponential tails was used to describe the temporal behaviour of these data.
The contribution from source (2) was calculated from the measured branching ratios for these process [8, 11, 12] plus a Monte Carlo simulation to determine the detection eciency. This background accounts for 3{4% of the samples, depending on the channel.
The background from source (3) was estimated by considering wrong-sign (D +`+ or D 0`+ ) combinations and was found to contribute 3:0 1:5% to the samples. Simulated events were used to determine the proper time distribution for sources (2) and (3). 
Fit results

Systematic uncertainties
Several sources of systematic uncertainty h a v e been considered and are summarized in Table 2 .
The systematic uncertainty i n t h e B momentum resolution comes mainly from the uncertainty in the D content of semileptonic B decays. There is approximately a 2% uncertainty on the B momentum resolution function [10] . Uncertainties in the background fractions and proper time distributions have been considered. Dierent background samples have been selected by v arying the sideband regions (for example, adding events from the lower sideband, which w ere excluded when determining the lifetime) and by using events with wrong-sign correlations. Additionally, an alternative parametrization of the proper time distributions (Gaussian plus one positive and one negative exponential tail) was tried and the resulting dierences in the tted lifetimes were taken as a systematic uncertainty.
The systematic uncertainty due to the signal composition was determined by v arying the independent branching fractions within their uncertainties (Appendix). In principle, the tted number of D +` candidates could be overestimated due to the possible presence of a real D 0 combined with a random track such that the value of M D 0 M D 0 falls within the signal region. The level of such an eect was found to be less than 1% by considering the sidebands of the M D 0 M D 0 distribution. The uncertainty on the lifetime measurement due to this eect is included.
Although the signal composition coecients are independent of the nominal reconstruction eciencies, the relative eciencies
enter into the calculation and this uncertainty has been propagated to the systematic uncertainty on the lifetimes. The values of and their uncertainties are given in the Appendix.
The uncertainty due to the decay length resolution function was estimated by allowing a v ariation of its parameters consistent with their statistical error plus a systematic eect due to uncertainties in the Monte Carlo model of the decay length resolution.
Measurements using fully reconstructed hadronic decays
In the second method, the B and B 0 candidates were fully reconstructed using some of their hadronic decay modes B ! DX and B ! X (Table 3) . This method leads to the reconstruction of the B decay length with a resolution of about 200 m and of the B boost with a resolution better than 1%. The resolution on the boost is better than that obtained on the momentum due to correlations between the reconstructed mass and momentum of the B candidate. Moreover, the B and B 0 samples are very well separated. Nevertheless, the number of candidates which can be reconstructed with such a method is small, due to the small branching fractions of hadronic decays and to their low selection eciency. Table 4 . With the exception of the K + channel, the D 0 nal states were required to be consistent with the presence of a vector meson ( or K ).
In A fraction of the signal events (11:32:1%) were mis-reconstructed using particles from fragmentation. These candidates have correct decay lengths but degraded measurement of the boost, the boost resolution being about 1% for half of them and around 20% for the remaining half. These mis-reconstructed candidates can be separated into two components from the B decay products goes undetected or when a low momentum neutral or charged particle from fragmentation is included among the B candidate decay products. The eciency for this component does not depend on proper time. The proper time distribution of such candidates found in a bb simulation was tted with an exponential, yielding a lifetime in good agreement with the generated lifetime and so these candidates were taken as signal in the nal t. The second component (called physical background) contains candidates which w ere reconstructed using one high momentum or a few charged particles from fragmentation. These candidates can only be reconstructed if their decay length is very short, allowing charged particles from the primary vertex to be associated with their decay v ertex, leading to a selection eciency which decreases quickly at high decay length. The proper time distribution of these candidates found in a bb simulation has been tted, yielding a lifetime of phys = 0 : 31 +0:13 0:09 ps for this sample which represents f phys = 3 : 4% of the B signal sample and f phys = 5 : 6% of the B 0 signal sample. Separate ts of phys to the distributions of B and B 0 samples give results in good agreement. This small low-lifetime component w as taken into account in the nal t. The selected samples also contain a small contamination from other b hadrons which represents about 2% of the signal. This contamination was taken into account when evaluating the systematic uncertainties. Finally, the samples selected contain combinatorial background candidates originating from non-bb events with zero lifetime and a small component of combinatorial background events with non-zero lifetime from cc events and bb events. The position of the B decay v ertex was reconstructed in three dimensions. The decay length was obtained by projecting the vector joining the interaction point and the B decay vertex onto the B momentum vector. The proper time t of each candidate was calculated from the reconstructed decay length, mass and momentum. The uncertainty on the proper time was calculated for each candidate using the uncertainty on the reconstructed decay length calculated event b y e v ent.
The proper time distribution of the combinatorial background was studied on the data using three background samples. For the B ! DX channels, the wrong sign candidates were selected as, for example, D + X + , D + + or D 0 X + . F or the B ! X channels, wrong sign candidates were selected using \ "!``. The second background sample, containing the sideband candidates, was constructed using fake D or candidates extracted from their mass spectrum sidebands. The \wrong sign sideband" candidates, constructed combining the previous two techniques, comprised the third background sample. Candidates for all background samples were required to have a mass the B sideband region, 5.4 GeV/c 2 to 6.3 GeV/c 2 .
The calculated uncertainty on the decay length was checked on the background sample (removing the B sideband requirement to increase the statistics) by tting the distribution of decay length divided by its uncertainty with a function comprised of a Gaussian and an exponential. The width of the Gaussian part was found to be S = 1 : 27 0:03, instead of unity, a s w ould be expected if the decay length uncertainty w ere accurately estimated. Therefore, the calculated decay length uncertainty o f e a c h candidate was corrected by multiplying by the factor S.
The fraction of combinatorial background with non-zero lifetime (f ;D comb ) and its lifetime ( comb ) w ere measured in the data using these three background samples, separately for the B ! DX and B ! X channels. The proper time distribution of the B ! X background candidates from the three background samples plus events satisfying the standard selection but falling above the B mass region was tted with a Gaussian centered at zero plus an exponential convolved with a Gaussian; the result of this t is f comb = 5 0 11% and comb = 0 : 72 0:03 ps. The proper time distribution of the B ! DX background candidates from the three background samples was tted with the previous background proper time function. Using the value for comb from B ! X channels, the result of the t is f D comb = 3 : 9 1 : 5%. Since this non-zero lifetime fraction is so small, a t with both comb and f D comb free does not converge in this channel, and thus the same value of comb was used for both channels.
The 
Systematic uncertainties and checks
Systematic uncertainties from various sources were estimated and are summarized in Table  5 . It was mentioned in Sect. 4.2 that about 5% of the signal has a degraded boost resolution (corrupted signal) and taking this eect into account decreases slightly the tted lifetime by an amount taken as an asymmetric systematic uncertainty. Also, f phys has been varied by 100% (from 0 to 6.8% for the B sample and from 0 to 11.2% for The uncertainty on the background lifetime was estimated separately for the B ! DX and B ! X channels by v arying f comb between the extreme values allowed from the ts to the background data. In the B ! DX channels, the proper time distribution was also replaced by t w o Gaussians instead of one Gaussian plus an exponential.
The correction factor S has been varied between 1.0 and 1.5, the nominal value measured in the data being 1.27. Doubling the boost resolution does not change signicantly the t results. Any bias in the reconstructed proper time was excluded by obtaining the input lifetimes when tting on a large sample of simulated signal events. The proper time distribution of the candidates selected from a simulated sample of 3.7 million Z !events was also tted taking into account the background. The result of this t is also in agreement with the generated lifetime.
As a consistency check, the D meson lifetimes were also measured using the B ! DX 
The XD 0 mass was set to M XD 0 = 2 : 1 GeV=c 2 to achieve the best momentum direction resolution ( production and decay v ertices as well as the reconstructed jet direction were used to determine the quantity~B (specifying both the B 0 ight direction and decay length). The vector pointing from the primary vertex to the B + D vertex was combined with the jet direction using a 2 minimization. Jets were reconstructed with the JADE cluster algorithm [14] At small decay lengths, background from light quark production is dominant. The resolution of the decay time is dominated by the uncertainty on the decay length. The resolution function, which e n ters in the lifetime t, can be described by a sum of three Gaussians with widths of 260 m, 780 m and 4.9 mm, with relative fractions 0.71, 0.25 and 0.04, respectively. In this analysis, the distortion of the exponential decay distribution is mainly due to the third Gaussian since the cut on the decay time at 1 ps corresponds to a decay length of approximately 2 mm. The systematic uncertainty on the B 0 lifetime was estimated by neglecting the third Gaussian (Table 7 ). Table 6 . Branching ratios were taken from [15] . (Table 6) . B ! ; D 0 decays were simulated with relative rates according to [16] and normalized to the measured B ! D + branching ratio [15] . The ratio r can be determined as well from the number of rejected B candidates (r = 3 : 2 5 : 6%). For the lifetime t the ratio from the Monte Carlo simulation 
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The time distribution for the B 0 signal events P s is an exponential folded with the momentum and decay length resolution functions, taking into account the momentum and decay length dependent reconstruction eciency and the momentum distribution. The resolution functions, eciency and momentum distribution were taken from simulated events.
A normalized exponential with an eective lifetime e was taken for the B ! B XD + background time distribution P (t; e ).
The was obtained from a simulation using the world average B lifetime = 1 : 6170:046 ps [13] . The uncertainty o n e is the statistical uncertainty from the simulation. The bias to a smaller eective B lifetime is due to the rejection of B decays, identied with an additional pion, which is more ecient for long decay lengths. Fig. 7 shows the proper time spectrum for the signal and background samples together with the t result. The lifetime was determined to be 0 = 1 : 49 +0:17 0:15 (stat) +0:08 0:06 (syst) ps: The sources of systematic uncertainties are given in Table 7 . The largest contribution comes from the uncertainty on the background time distribution. The assumption that the background sample describes the real background in the signal sample has been checked with Monte Carlo events and was found to be valid within the statistical uncertainties. The corresponding systematic uncertainty is the statistical uncertainty from the Monte Carlo simulation. 0:06 ps: Events that were selected by more than one analysis were retained only once, such that the three measurements are statistically independent. A total of eight e v ents were removed in this way. Combined results were obtained by summing the log-likelihood functions of the analyses. In this way the means and statistical uncertainties were obtained. The dierent nature of the analyses leads to independent systematic uncertainties, permitting the use of a simple weighted average for the combined systematic uncertainties.
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The combined results, which supersede previous Aleph measurements of the B 0 and B lifetimes [2] and B lifetimes and their ratio [2, 3] . They are consistent with theoretical expectations; however, the current precision of the measurements does not yet probe lifetime dierences below the 5% level, which is the region of theoretical interest. The current precision is sucient for other purposes, for example in the extraction of jV cb j using the decay B 0 ! D +` ` [18, 19] .
7 Appendix -Determination of sample compositions for the D () < analysis Table 8 shows the six B 0 decay c hannels considered in the determination of the sample composition coecients. Possible modes with two or more non-resonant pions in the nal state or with D decaying into D () plus two or more pions were assumed negligible. The branching ratios of the modes considered have been determined in the following way:
1. B 1 and B 2 have been taken from measurements at Cleo and Argus [8, 19, 20, 21] . This quantity has also been measured at Cleo and Argus [22] . 
